Abstract-The relation between hypertension and the risk of selected hormone-related neoplasms in women was investigated in a network of case-control studies conducted in Italy during [1983][1984][1985][1986][1987][1988][1989][1990][1991][1992][1993][1994][1995][1996]. Cases were women younger than 75 years with histologically confirmed cancer of the breast (nϭ3406), endometrium (nϭ745), ovary (nϭ970), and thyroid (nϭ145). Controls were 3054 women admitted in the same geographic area for acute, nonneoplastic, non-hormone-related diseases. Odds ratios (ORs) of treated hypertension were computed after allowance for sociodemographic factors, smoking habits, alcohol consumption, parity, menopausal status, and body mass index (BMI) by means of unconditional logistic regression. The ORs were 1.2 (95% CI, 1.1 to 1.4) for breast cancer and 1.6 (95% CI, 1.3 to 1.9) for endometrial cancer, and the elevated ORs persisted after Ն5 years since diagnosis of hypertension. No significant association was observed for ovarian and thyroid cancer. For breast cancer, the association was apparently stronger at age 55 years or over and consequently after menopause. No appreciable effect modification was evident for endometrial cancer. Allowance for BMI did not explain the association of postmenopausal breast cancer and endometrial cancer with hypertension. The OR of postmenopausal breast cancer was 1.5 (95% CI, 1.1 to 2.0) in hypertensive women with BMI Ն30 kg/m 2 compared with normotensive women with BMI Ͻ25 kg/m 2 . The corresponding figure for all endometrial cancers was 4.9 (95% CI, 3.4 to 6.9). Even in the absence of a clear understanding of biological mechanisms, the definition of a role of hypertension on female hormone-related cancers can have relevant implications on individual risk assessment. (Hypertension. 1999;34:320-325.) Key Words: hypertension, essential Ⅲ breast neoplasms Ⅲ endometrial neoplasms Ⅲ ovarian neoplasms Ⅲ thyroid neoplasms Ⅲ case-control studies A possible relation between hypertension or treatment for hypertension and cancer risk has been considered in a few studies dealing with overall cancer mortality. Dyer et al, 1 in an American cohort study of 1233 white men, found a relative risk (RR) of 3.0 for total cancer mortality in subjects with a systolic blood pressure Ͼ160 mm Hg. Raynor et al, 2 in a longitudinal study of 5397 men, found an association (RRϭ1.9) between elevated blood pressure and risk of death from all neoplasms. Khaw et al, 3 in a 9-year follow-up of a southern California cohort study, found that systolic blood pressure was a significant predictor of subsequent cancer mortality in men, and Goldbourt et al, 4 in a cohort of 10 059 middle-aged and elderly men, observed a moderate but significant association between systolic blood pressure and cancer mortality (RRϭ1.2). Wannamethee and Shaper, 5 in a cohort study of middle-aged British men, considered the relation between the duration of hypertension and total cancer mortality and reported a RR of 1.6 for a systolic blood pressure Ͼ160 mm Hg lasting Ͼ5 years.
A possible relation between hypertension or treatment for hypertension and cancer risk has been considered in a few studies dealing with overall cancer mortality. Dyer et al, 1 in an American cohort study of 1233 white men, found a relative risk (RR) of 3.0 for total cancer mortality in subjects with a systolic blood pressure Ͼ160 mm Hg. Raynor et al, 2 in a longitudinal study of 5397 men, found an association (RRϭ1.9) between elevated blood pressure and risk of death from all neoplasms. Khaw et al, 3 in a 9-year follow-up of a southern California cohort study, found that systolic blood pressure was a significant predictor of subsequent cancer mortality in men, and Goldbourt et al, 4 in a cohort of 10 059 middle-aged and elderly men, observed a moderate but significant association between systolic blood pressure and cancer mortality (RRϭ1.2). Wannamethee and Shaper, 5 in a cohort study of middle-aged British men, considered the relation between the duration of hypertension and total cancer mortality and reported a RR of 1.6 for a systolic blood pressure Ͼ160 mm Hg lasting Ͼ5 years.
With regard to the possible relation between hypertension and cancer risk in women, specific attention has also been paid to the possible association with breast, endometrial, and ovarian neoplasms. 6 -29 Available evidence for breast cancer allows exclusion of a strong association with hypertension. [7] [8] [9] However, the possibility of a moderately increased risk remains open to discussion, mainly for hypertension early in life, [7] [8] [9] [10] including hypertension in pregnancy. Talamini et al 8 found a RR of 2.3 for hypertension in pregnancy in a case-control study. Furthermore, some treatment for hypertension has been associated with breast cancer risk. Armstrong et al, 11 Heinonen et al, 12 and Stanford et al 13 suggested that rauwolfia derivatives may increase the risk of breast cancer, but other case-control 14 -16 and cohort studies 17 did not support this association. In postmenopausal women, the association between hypertension and breast cancer risk may be partly or largely due to residual confounding by overweight, which is related to both hypertension and postmenopausal breast cancer. 7, 18 Stronger and more consistent is the relation between hypertension and endometrial cancer risk. Thus, several studies reported a higher risk of the disease in hypertensive women, with odds ratios (ORs) ranging from 1.2 to 2.1. 19 -28 The association generally persisted after allowance for covariates. 27 Because endometrial cancer is strongly related to overweight and obesity, and although most recent studies allowed for measures of body mass index (BMI) in the analysis, the possibility of some residual confounding by BMI remains open to discussion for this neoplasm as well.
Little data exist on the possible relation between hypertension, overweight, and ovarian cancer risk. 29 The RR of ovarian cancer death was 1.6 in obese women in the prospective American Cancer Society One Million Study. 30 Thyroid cancer has also been related to overweight, mainly in postmenopausal women. 31, 32 Consequently, an association with hypertension is possible for this neoplasm as well.
To provide further information on this issue, we systematically analyzed the relation between treated hypertension and cancers of the breast, endometrium, ovary, and thyroid, with the use of data from a network of case-control studies conducted in Italy.
Methods
The data were derived from a network of hospital-based case-control studies conducted in Italy, whose general design has been previously described. 33 All studies followed the same criteria for inclusion and had the same interview setting for cases and controls. Recruitment of cases of various neoplasms and the corresponding controls started during [1983] [1984] [1985] , and the present report is based on data collected Values are number (percent).
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until June 1996. Overall participation rate was 98% (97% for cases, 98% for controls).
Trained interviewers identified and questioned cases and controls with a structured questionnaire, including information on personal characteristics and habits, education and other socioeconomic factors, smoking, alcohol and coffee consumption, food frequency, and menstrual and reproductive history. The questionnaire included data on age at first diagnosis of selected medical conditions (or procedures), including a specific question on the age at first diagnosis of treated hypertension, ie, hypertension diagnosed by a physician and regularly treated with antihypertensive drugs for Ն1 year (excluding hypertension in pregnancy only).
The cases included in the present analysis were women younger than 75 years with incident, histologically confirmed cancer of the breast (nϭ3406; median age, 53 years), endometrium (nϭ745; median age, 61 years), ovary (nϭ970; median age, 54 years), or thyroid (nϭ145; median age, 43 years). The patients were admitted to the National Cancer Institute, to several university clinics, or to the Ospedale Maggiore of Milan, which includes the 4 largest teaching and general hospitals in Milan.
Controls were 3054 women resident in the same geographic area as cases, younger than 75 years (median age, 53 years), admitted for a wide spectrum of acute, nonneoplastic conditions in the same hospitals in which cases had been identified. For admission diagnosis, specific exclusions were made for malignant tumors, hormonerelated and gynecological conditions, or any long-term chronic disease. Controls were admitted for orthopedic disorders (33%), traumatic conditions (32%), acute surgical conditions (16%), and other miscellaneous diseases, such as ear, nose, throat, skin, or dental disorders (19%).
Data Analysis
ORs and the corresponding 95% CIs in relation to history of treated hypertension, age at first diagnosis, and time since diagnosis of hypertension were derived from unconditional multiple logistic regression, fitted by the method of maximum likelihood. 34 To allow for possible confounding, all the regression equations included terms for area of residence, age (in quinquenniums), education, smoking habits, alcohol consumption, parity, menopausal status, and BMI (Ͻ20; 20 to 24; 25 to 29; Ն30 kg/m 2 ). The potential modifying effect of selected covariates was evaluated by comparing the increase in the Ϫ2 log likelihood between the models with and without interaction terms with the 2 distribution, with degrees of freedom given by the number of interaction terms. 34 
Results
The distribution of cases of the neoplasms considered and controls according to age and selected covariates is given in Table 1 . Patients with endometrial cancer were more frequently older, postmenopausal, and overweight than controls. Thyroid cancer patients were younger, and hence more frequently premenopausal, and more educated. Table 2 gives the distribution of cases of the 4 neoplasms and the comparison group according to hypertension. The corresponding multivariate ORs were 1.2 (95% CI, 1.1 to 1.4) for breast cancer and 1.6 (95% CI, 1.3 to 1.9) for endometrial cancer. No significant association was observed for ovarian (ORϭ0.9; 95% CI, 0.7 to 1.2) and thyroid (ORϭ1.0; 95% CI, 0.6 to 1.8) cancer. Table 3 shows the relation between age at first diagnosis of hypertension and time since diagnosis for breast and endometrial cancer. No appreciable differences were found according to age at the first diagnosis of hypertension. With reference to time since diagnosis, the ORs for duration of hypertension Ͻ5 years were 1.1 (95% CI, 0.9 to 1.4) for breast cancer and 1.5 (95% CI, 1.2 to 2.0) for endometrial cancer. Corresponding values for duration of hypertension Ͼ5 years were 1.3 (95% CI, 1.1 to 1.6) for breast cancer and 1.7 (95% CI, 1.3 to 2.1) for endometrial cancer. The trends in risk were significant for both neoplasms.
To address the issue of effect modification, Table 4 considers the relation between hypertension, breast cancer, and endometrial cancer in strata of age at cancer diagnosis and other selected covariates. For breast cancer, the association was stronger at age 55 and over, and consequently in postmenopausal women, and in alcohol drinkers. No appreciable effect modification was evident for education, smoking, and parity (data not shown). The association between treated hypertension and breast cancer risk was significantly stronger in overweight women, with an OR of 1.1 in women with BMI Ͻ25 kg/m 2 and 1.4 in those with BMI Ն25 kg/m 2 ( 2 for heterogeneity obtained from the logistic modelϭ4.689; 1 df; Pϭ0.03). Likewise, the association between hypertension and breast cancer tended to be stronger in subjects with diabetes mellitus, although the interaction term was not significant (ORϭ1.7; 2 for heterogeneityϭ2.877; 1 df; Pϭ0.099). No significant effect modification of any of the covariates considered was observed for endometrial cancer.
To investigate further the combined effect of BMI and hypertension on endometrial and postmenopausal breast cancer, the joint ORs of hypertension and BMI are presented in Table 5 . †Estimates from multiple logistic regression equations including terms for age, area of residence, education, smoking, alcohol intake, parity, menopausal status, and BMI.
In normotensive women, there was no trend in OR with increasing BMI with respect to breast cancer, but a marked trend with respect to endometrial cancer was observed. Compared with women who did not report hypertension and had a BMI Ͻ25 kg/m 2 , the OR of postmenopausal breast cancer was 1.0 in obese (BMI Ն30) normotensive women but rose to 1.5 (95% CI, Ն1.1 to 2.0) in hypertensive and obese women. Corresponding ORs for all endometrial cancers were 2.9 (95% CI, 2.1 to 3.8) and 4.9 (95% CI, 3.4 to 6.9).
Discussion
The findings of the present study confirm that treated hypertension is associated with endometrial cancer risk. A significant but moderate association was also observed for breast cancer in postmenopausal women, whereas no relation was found for ovarian and thyroid cancer. For endometrial and breast cancer, the risk persisted Ն5 years since diagnosis. The strength of the association was consistent across strata of several covariates considered for breast and endometrial cancer, but in both cases this relation tended to be stronger in overweight (25 to 29 kg/m 2 ) and obese (Ն30 kg/m 2 ) patients. The potential confounding effect of several covariates, including age, area of residence, education, tobacco smoking, alcohol consumption, parity, menopausal status, and BMI, was controlled for in the analysis. It is conceivable that some aspect of diet, such as a relative absence of fruits and vegetables, is correlated with both hypertension 35 and the risk of these neoplasms. 36 However, further allowance for these factors was unable to totally account for the association. Likewise, allowance for parity, age at first birth, and age at menarche and menopause, which are recognized risk factors for breast and endometrial cancer, 27, 37, 38 did not appreciably modify any of the risk estimates.
Although information on treated hypertension was not independently validated, 39 the choice of a hospital-based design is optimal to investigate aspects of medical history, because cases and controls were similarly sensitized toward recalling diseases in the past. 39 Moreover, the fact that the association was observed in only 2 of the 4 cancers considered is reassuring regarding generalized recall bias. With reference to selection bias, cases and controls were identified in the major teaching and general hospitals in the greater Milan area, and the participation of cases and controls was almost complete. The proportion of controls with hypertension (17%) is consistent with that of the 1990 -1991 Italian National Health Survey, when similar age ranges were considered. 40 Also, there is no reason to assume different recall in relation to age at first treatment for hypertension on the basis of disease status. A limitation of the present study is the absence of information on values of blood pressure, severity of the disease, and treatment for hypertension.
The observation that the ORs were higher in subjects who had been diagnosed with hypertension for a longer time argues against surveillance bias, ie, more careful screening for breast or endometrial neoplasms in the few years around the diagnosis of hypertension. This pattern of risk is also consistent with a duration-risk relation, thus suggesting the existence of a real association between hypertension and the risk of these neoplasms.
Detailed discussion on biological mechanisms underlying the possible influence of treated hypertension and female hormonerelated cancers goes beyond the scope of this work. Hamet 41, 42 suggested that hypertension may increase the cancer risk by blocking and subsequently modifying apoptosis, thereby affecting the regulation of cell turnover. Hypertension has also been related to insulin resistance and hence to insulin-like growth factor 1, 43 which has been related to cell growth and neoplastic progression. 44, 45 Other possible interpretations for breast cancer include the relation between treatment for hypertension and increased secretion of prolactin, a hormone with recognized effect on breast tissue differentiation. 12, 13 Hormonal mechanisms are also possible for breast cancer and primarily for endometrial cancer, because hypertension is related to overweight, which in turn is associated with elevated estrogen levels and availability 46 and consequently with the risk of endometrial 27 and postmenopausal breast cancer. 18, 30 However, strict allowance for BMI was unable to totally explain the association observed, and women reporting both risk factors (BMI and hypertension) had an appreciably elevated risk of breast cancer. The 2 factors (BMI and hypertension) appeared to have a synergistic effect 47 on the risk of endometrial cancer and produced appreciably elevated risk (almost 5-fold) in women exposed to both factors. 
